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R		
̨̲yɑɪͰƵ̢ϴΒκ̢ĳĐȠ͉΂̢ĳmϢ̢ͨĳwn͉΂̢ĳĸέɑ
ǎĈāϢ̢ͨĳ̨į̔w˷ Μ̌ɧ̨ʹ̟ɋǞŻŸҗłϢ̢ͨĳn̟Ⱦɧ
҆oȋβɏǨ̽͘ϦɓǣǢϥϢʳĈōɋ(RRP)ĸɧȾΎϷɑɪͰƵ̢ϴΒ
κ̨Ϣ̢ͨĳwέîƭϴΒκá͉΂ςͿΨ̨ío、̹ ER stress ǐ！
Əşǔ˪̶̨ʍͿΨáwǎşͰƵ̢ϴΒκ̢ĳȎν˰̣ŎͿΨíwį
Ȥ临ϰ·̕oɮ̽͘ȟȬʹǣǢϥϢʳĈōɋ(RRP)ƧͰƵ̢ϴΒκ͉΂ς
ͿΨ(RGC)áПΒǔ˪̨·̕ĬÝm͉΂ςȦ¬̨ÛͱĬÝЗȮɰûo 
ɴɇmɋʼ yɮЖҞ΃ľ STZ Џƨ 1 ŨͰƵ̢ SD ŻҳʗŨŎ RGC-5 ͿΨ
ΑʪЏƨʗŨwѡ̕ HE ʄπʓˊǎϺ̷ͧ̏ó˾ϴΒκ͉΂ςͿΨƷw͉
΂ςͿΨ(RGC)̨ɂѦwĿɒ·ϺϴΒκĽƷ̨ĥǗzѡ̕Ħ±ɭ͞ʈϿ
tTUNELuɋʼʓˊǎ·Ϻ RGC íw PCR ʓˊ Sema3A ̨Ϧ万zю上
µánŷм̕ PCR Ŏ;΀Ó̠ώÑȌ;΀đƒɋʼn Western Blot ʓˊ ER 
stress ʈǵ̨́Ϧ万w¡Ĭʓˊ PERK/eIF2α/ATF4/CHOP юЭϠ̨̦Ϧ万
Ŏ˪ˆo 
΃ɿyǣǢϥϢʳĈōɋέźɘϗîƭͰƵ̢ϴΒκ͉΂ςͿΨtRGCų
Ȧ¬wĬÝáПΒǔ˪̨˪ˆzȖû ER stress ĸΎϷΑʪǟШ̨ RGC Ȧ¬w
Ȳ͈ RRP ĸέю上Ȗû ER stress ƨ̨ RGC Ȧ¬ȼœͰƵ̢ϴΒκ͉΂
̢ĳz сeʟɰû̽͘į̌ RRP Ȗû PERK/eIF2α/ATF4/CHOP юЭwБ
ɓ RRP ю上Ȗû  PERK/eIF2α/ATF4/CHOP юЭΎϷ  RGC íŎ 
Sema3A òʻwΜÁșͰƵ̢ϴΒκ̢ĳo 
΃Ёyşȋβ¡Ǩ̽͘ɘ͈ǣǢϥϢʳĈōɋέźɧȾΎϷɑɪͰƵ̢ϴΒ
κ̨Ϣ̢ͨĳ̨Ů̀jwɮ̽͘΃ľĉ́ŎͿΨʗŨсeʟЃƟyǣǢϥϢ
ʳĈōɋ(RRP)ю上Ȗû PERK/eIF2α/ATF4/CHOP юЭΎϷ͉΂ςͿΨ
(RGC)Ȧ¬oŗʞέźɤɑȌɤÖ书̨ΎϷͰƵ̢ϴΒκ̢ĳ̨į̔įƹo 
ÛÊЇyͰƵ̢ϴΒκ̢zRRPzáПΒǔ˪  
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Abstract 
OBJECTIVE— Microvascular and neural dysfunction are hallmarks of Diabetic 
retinopathy (DR),in which neural dysfunction may occur earlier and exacerbate 
microvascular dysfunction. So far, most treatments for DR are targeting 
microvascular dysfunction, however, with limited effects indicating that more 
attention for neural dysfunction are required. we proposed and proved that an 
aqueous extract of Radix Astragali, Angelica sinensis, and Panax notoginseng 
(RRP) was protective in preventing vascular lesions in DR, also the retinal 
ganglion cells (RGC) loss. ER stress is widely known to exist in the eukaryotic 
cells and plays an important role in DR induced apoptosis and inflammation. This 
study was to explore the RRP treatment for the endoplasmic reticulum stress (ER 
stress) within RGC and its relationship with the RGC lesions and its regulation 
mechanism. 
RESEARCH DESIGN AND METHODS—In this study, by using STZ-induced 
type 1 diabetic animal model and hypoxia stimulating RGC-5 culture model, we 
assessed the number of RGC in retinal ganglion cell layer and the thickness of 
retina layers by HE staining, while investigating the apoptosis rate of RGC by 
TUNEL and gene expression of Sema3A by PCR analysis. Then expression of 
ER stress markers were checked in vivo/vitro by using PCR or IHC and Western 
blot analysis. Lastly, the protein expression and activation of PERK / eIF2α / 
ATF4 / CHOP pathway were also examined. 
RESULTSIn this study, By using in vivo/vitro model, our data suggested that 
RRP could prevent not only vascular lesions but also retinal ganglion cell (RGC) 
lesions in DR, together with ER stress inhibition. Inhibition of ER stress could 
ameliorate hypoxia induced RGC apoptosis. These results indicated that RRP 
could probably ameliorate RGC lesions by preventing ER stress. The further 
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investigation on the underlying molecular mechanisms found that RRP could 
ameliorate DR progress by inhibiting PERK / eIF2α / ATF4 / CHOP pathway 
mediated RGC lesions. 
CONCLUSIONSRRP treatment can relieve RGC lesions by inhibiting PERK 
/ eIF2α / ATF4 / CHOP pathway, combining with its effective role in preventing 
microvascular dysfunction. Thus it will help to elucidate the mechanisms and 
therapy potentials of RRP application on DR. 
Key Wordsdiabetic retinopathy RRPendoplasmic reticulum stress 
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
	 	 	 	 ͰƵ̢ϴΒκ̢ĳ	 (Diabetic	retinopathywDR)	 ɖͰƵ̢tDiabetes	mellitusw
DMu》ϱ̨ǱϢ̢ͨĳew	 ɖį万śƢǟШȊǍν̨̳临ϰĦŗ???oЋ
̢̨į̢̇ĸҊ̸ͰƵ̢ǿ̢ɒ之̨űĈΜȲҫoȨơĠ̔;΀Ț丢w̢͖
20 Ǎ¡j̨ͰƵ̢ǿΛwɧ 75%į̔ͰƵ̢ϴΒκ̢ĳo̲ÿҊ̸ȋśͰƵ̢
į̢̨̇ȲҫwDR ̨į̔̇mν̳̇ŉjĖЪčwt临ǦŐǿΛ̨̔ˆПѦ
ĬЮǳÊǘo	
	 	 	 	 DR ̨į̔įƹɖvŸͿΨ̢ĳnŸɰûЗǪ̇上͖wǎnɎʼю上҅²Ϣ
ͰΜшЯoyǑjʎȨǱϢ̨̢ͨĳ͖ǗƫÝòzҕűʢɪ(ɑɪw͓ěͺŨ
ͰƵ̢ϴΒκ̢ĳtnonproliferative	diabetic	retinopathywNPDRu)Ŏűʢɪ(ɛɪ)
̢ĳtproliferative	diabetic	retinopathywPDRuoҕűʢɪ̢ĳ{ϰϦ̌zŮǕκ
űĥwVEGFtvascular	endothelial	growth	factorwϢͨá̩̔ѶŗƌuŗƌjЗn
á̩ͿΨćέͲnɎͿΨϢ̨ͨ̔Ȋn̦ͿΨҰ҃nǱϢ̥ͨǥȊnϢͨ˛˨
ǎįƹμűʢɪ̨Ɋ̔ϢͨŎ̎̑µű̔ͣ???wɥ΁į̔ϴΒκβ͍o°ɖϢͨ
ͿΨĶĞϴΒκ;ȊͿΨ̨eƬіòw不Ǎɷ̨yǑЃȨŎŮ̀̽͘Ȳñw·z
ϴΒκ̨{ϰȊòwϴΒκ͉΂̢ĳį̔ɑɪ̨ DRw̓μɑǎĈāϢͨ
̢ĳ̨į̔???w??oşyǑjĸѡ̕ Electroretinography Ȕɯͣсϣʓˊw;΀ʮ
ǌjŎͿΨʮǌj̨ϴΒκ͉΂̢ĳ{ϰµ̌z:͉΂άПͿΨ˪ˆ(Muller ͿΨ
ŎƬάПͿΨ)Ŏ͉΂ςͿΨ(Retinal	ganglion	cellsw	 RGCs)Ȧ¬???oMuller ͿΨ乘
ɧeξ̨ȺȡŎϖà͉΂Į̂·̕ŷwşÁșϴΒκá̋Ű͗ƜwȜ¦临ϰ
϶π???wMuller ͿΨ˪ˆϦ̌z GFAPtglial	fibrillary	acidic	proteinwάПͷΊ中Ǻ
Ϡ̦uϦ万űĈ???wŻѦòʻ VEGF Ŏ˰̣ŗƌсΜ̿ŤϢͨ͗ƜǺzƬάПͿ
Ψ˪ˆöĸŻѦѢȽ˰̣ŗƌƅ TNFα ͣ之ȭȦ¬ŌřͿΨz͉ ΂ςͿΨ RGC ɖ
±ϴΒκɥ΁ʣ̨͉΂ͿΨwɖőeέƫϴΒκŴ̐Ł̨ϴϵÂǽЯđz͉΂
çĉw˷Ł΂ϴ͉΂«еúα̨ͿΨoşͰƵ̢ϴΒκ̢ĳw RGC ̨Ȧ¬{ϰ
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2	
Ϧ̌zíw、ɧ̽͘į̌ RGC ̨íį̔şͰƵ̢ǿΛŎͰƵ̢Żҳĉ́ʗ
Ũww΂上 TUNEL Ȍ Caspase3 Ó̠ʄπį̌ RGC ̨Ȧ¬ŸɂzíȎν??????z
RGC Ȧ¬̨ĵevϦ̌ɖϲƦϴΒκǥǷƒ΃ɽĳđwю上Ñƒ̵ǋɈƷȒȱϲ
Ʀų́ϴΒκ͉΂ͷΊĥŲ̈́îƬwрeȼĳ̓μį̔şyǑjñ̌Ϣ̢ͨĳÿ
̨Ҁʣ????o不Ǎɷ Sapieha Ƭ;̨ͱô̽͘į̌ɑɪͰƵ̢ϴΒκ̨ RGC ĸòʻ
͉΂ŗƌ	 Semaphorin	3A(Sema3A)wÀсá̩ͿΨ̨ínЗȮá̩ͿΨ之̨у
ȭϠ̦Ϧ万wΜƨνϢͨȦ¬oΜn Sema3A ̨òʻɒ之ϰɑϨǐ！Ûˀ̨	
VEGFwȲ͈ÝĸέɖɑɪͰƵ̢ϴΒκ̢ĳ̨ĵŷeɶ临ϰɰûw°˪ˆ	
Sema3A Ϧ万̨ЗȮɰûǎlɓ̓???????o	
	 	 	 	 ̲ÿͰƵ̢ϴΒκ̢ĳ̨į̢ɰûĐȠɧ˰̣nͰŮđ΁ɭ́(	 advanced	
glycationend	 products	 wAGEs)͒ΞwϠ̦˪ќ CtPKCųˆđŎʪđǔ˪ͣю
Эwрɖƨν RGC Ȧ¬̨ɰûo° Michael ̨ͣ̽͘ϦɓşyǑǋқЉҩwȖ
û¦ȆeɶюЭŢlέƚÖҁɈkＡюЭwȎ¡βϻz¡jlĿюЭ之ɧe
vÚɧ̨上͖wĢy	 şͽͭµ̙ƌ«东ѯw̔ŻѦ̨Щʪđ́????o°ɧ
ϲ˱ϻzʪđǔ˪上͖lɖƕβ̨ÚĿюЭ????o	 ʪđǔ˪toxidative	stressuɖ
ȢɰµşѓĲĽ͏løü˪ɒwµą́ˆǺòƌƅˆǺʪλ̗Ů 	 (reactive	
oxygen	specieswROS)	 ŎˆǺʬλ̗Ů(reactive	nitrogen	specieswRNS)	 ͒Ξƨν
DNAnήП上ʪđΜǟШͿΨ;΀Ȧ¬̨̔̐Ŏ̢̐Įǔoşʪđǔ˪ĮǔǟШ
ɰµȦ¬̨Ŀɒwɰµ̔eͱôÁșǺĮǔ¡ƧȗʪđǺȦ¬oROS {ϰ
̔ͽͭµwΜ͉΂ςͿΨ(RGC)丁͚wńɧŻѦͽͭµƨνÝƣɔŗʪđǔ˪
ΜĲȦ????????o̽͘į̌şŸ͏̡̢ʗŨwwʪđǔ˪máПΒǔ˪ÚƏǎ̵
ЗȮ????????o	
	 	 	 	
	 	 	 	 áПΒ(Endoplasmic	reticulumwER)ɖevκǺͿΨŕwÞɧϠ̦ПľȊwÃ
ңwȘĴwĬľȊήПwͰĦwΊȡͿΨáѩ͍ƌ̨͗Ɯ̨·̕oáПΒ·ze
v{ϰ̨ͿΨĤąȇĲŕwɖ̗Ýκj̨iv«ȇŕϠ̦ PERK????tPKR-like	
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3	
endoplasmic	 reticulum	 kinaseunIRE1???????tinositol-requiring	 enzyme	 1unATF6????
tactivating	 transcription	 factor	 6	 uɷЯƨÂĻoşʝ》Ȁèkwi͏«ȇŕϠ
̦Ŏ ER òƌμ¾Ϡ̦ BiPtImmunoglobulin-binding	 proteinwÓ̠̏Ϡ̦΃ľϠ
̦u΃ľŴҕ˪ˆ̃Ƿoş̂ƜŷＤü˪kȌ̢̐Ȁè»ƅΑʪnҫϢͰnѱ
ЎȘĴȌɬȘĴϠ̦ΞҎɒwER á̋ŰϨ̿ŤwĸƨνáПΒǔ˪(Endoplasmic	
reticulum	 stresswER	 Stress)oʞɒw«ȇŕϠ̦Ţm BiP Ϸ͍w΂上ΞµđŎ
͇中đwŅĉÝkＡÂĻ«ƨэǩw˪ˆeͱôÂĻĮǔwĐȠyjЗ ER ̨ò
ƌμ¾ŎȘĴϠ̨̦Ϧ万wűǡ ER ̨Ϡ̦ȘĴćέzͿΨλЮю上ȼĳÝЯǤ
ŎΘЈ上͖wîƭϠ̨̦ľȊzjЗ ER ̵ÛϠ̦҅ϷэǩtER-associated	protein	
degradationw	 ERADųŮŗϦ万wĈяɬȘĴϠ̨̦҅Ϸ上͖oER ̨̔р͏
чǔǺĮǔw͓·ɬȘĴϠ̦Įǔ(Unfolded	protein	responsew	 UPR)????oͦΜϹ
wUPR ɖe͏сđÁƗ̨ş ER	stress ɶ¤k¡Ίȡá̋Ű͗Ƿz̨̨̲ÂĻю
Э????oȎ¡ɰµέźю上 UPR ɷÒɨͿΨá̺ɡŎ²ǡŲ̈́ ER	Stressw	 °ȡΉ
Ŏǡ˲̨ ER	 Stress öªƨνͿΨí???????o	 UPR ϸįiɶlĿ̨юЭɷƨͿ
ΨíoòùɖyCaspase12wIRE1α/TRAF2/JNKw	 PERK/CHOPoER	stress ǟШá
ПΒκjÀíϠ̦ Bax	 Ŏ Bak į̔ɽЛȼĳwƨν Ca2+áПΒζáѢȽμ
Ψ－????o	 Ψ－áѩ͍ƌˋǗĖҫŁ˪ˆѩ½ХǺĘΫʫ中Ϡ̦ќwŁΛĸºá
ПΒκj̨ procaspase-12 ϪϷzȊ˺̨ caspase-12????o	 ˆđŁ̨ caspase-12 ˷
ŁóĄ	 procaspase-9wсΜǥȊíµmѢȽͿΨπͳ c Ǫ̆ Apaf-1w¡˪ˆ
caspase-3wƨνͿΨí ??? ? ???o IRE1α/TRAF2/ASK1/JNK юЭҧÐɖǥȊ
IRE1-TRAF2-ASK1	 Ŷľ́wΈΜ˪ˆ JNK???????oЋюЭƨ̨ͿΨímÀí
Ϡ̦	 BID	 Ŏ	 BIM	 ̨Ϧ万jЗɧÛ???????o	 CHOPtCERB	 homologous	 proteinw
CCAAT/űǡƌ΃ľϠ̦ĿＤϠ̦u	 ɖáПΒǔ˪上͖wƨͿΨí̨×ϻ̨
e͏ʍϠ̦w·zЯǤŗƌwĸ¡ЏƨkＡ Bcl-2 ƢɍwÀíŮŗtBax/Baku
̨ЯǤwΜkЗȖíŮŗtBcl-2ųϦ万???????o不Ǎɷ ER	 stress īmϴΒκ
̵Û̡̢̨ЗȮ、ɧȚƨoͰƵ̢ϴΒκ̢ĳɒ UPR ̨iɶюЭŢϨ˪ˆwǟ
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4	
ШϴΒκ̨˰̣wɊ̔ϢͨǥȊwĬí̢ͣ̐ȼĳ?????????w̽ ͘ϦɓwER	stress
ɖɊį̨̌e͏̄͜¡Ǩ΂ß̨ͿΨκĲµȌͽͭµэǩ̨͡iɶíÂĻ
эǩwmϴͿΨ̨íƤó̵ÛwɖƨϴΒκwá̩ͿΨ(endothelia	cellwECun
ŌͿΨtpericyteunπͳj̩ͿΨtPigment	epithelial	cellsuĬ͉΂ςͿΨtRGCu
í̨临ϰɰû???????o	
	 	 	 	 ̲ÿyǑjʹ̟ DR ̨ɋʼĐȠɧȮûϢͰwѨƧjхҫϢͰƨ̨ǜ》ю
ЭсϣϏ́ǋқw¡ĬѨƧɛɪ DR ̨ǱϢ̢ͨĳƟɌȏɯʹ̟w»ƅϴΒκÑ
ïɯw̎̑µó乘ͣoрȏʣ®έȼœіọ̀̃°ŢƏşϏ́ƘÖǺnѶɪ̟
Ⱦnǎį̣ͣѺҞoѨƧɑɪ DRwưÝɖҗłϴΒκ͉΂̢ĳɋ书пɬɧɧȾ
ȰɌŎȏʣ????????o	 ͿΨŎòƌҗłɰų̂ěeǺw΅ DR ʹ̟ѐȊдŻ̨ƶ
҆owĘ̆©čş“Ƀµϲ”Ŏ“ɬ̢Ðѽwɏ̢ѽĳ”	 ̨І̟ǸΊwlѨƧ
ƶі̢ĳ̨Ŵ̐wɤˀ临ɃµЁʹo	 	
	 	 	 	 wĔƒϻzw̲|Ρ͛wȃɧЫħ乏Ρ΂j万̲wΡ{̞ʺw{ϝϢw
ΡʩϢƧΡΰε΂Ά̨ʝ》ćέ̨įȤμÛ临ϰopˮʀ·ίǗqwȲú“Ρ
ʩю̲wΡŎö̲έжπ”oʞÿ̨̽͘ϻz DR ̢ĳƺͰƵ̢ɐ}̔
̨ǱϢͨǎį̣w͠ľwĔϻz“}̢ÕΆ”“}̢Ÿ̤”̨̢ɰϲ˱wƱɖБw
ʩϞɎąȯĉwϢϣ且ΎwＧ͒ίΆöñ̌ DRoɳ˘ʿ̤Ϣ̔ɰ̐nȎ
ν̢ĳȬϼ̤Ϣm DR ̨ƤóÛͱ;õ̍ϻzwͰƵ̢įƹμŁɪw̗ }̢
Ν¬ͯϢwµá乏ϞϢƭwϢϞöίΆ͙Ϟw乏）öºϢlέşΆw̚ϣw
ΛŢºϢίŴ̤Ｇ̃Ƿwɥ΁ƨν DR ̨į̔oyǑ̽͘wȋβȻҎ 231
»ɑɪ DR ǿΛ(ҕűʢɪ̢ĳ)ʌɮwѡıЃͳжЃɋʼ΂·Ϻǯñ“ʩϢϞw
ѾϞϢ̤Άҁ”ɖҕűʢɪ DR ̨̢ɰ̂˱e????oŮ“̬ʩnàϢnюΆ”̨ʹ
̟Ħöwȋβѡ̕ǣǢϥϢʳĈōɋ(үσnǣǢnig)(Radix	Astragaliw	 Radix	
Angelica	 sinensisw	 and	 Panax	 notoginsengw	 RRP)ƧɑɪͰƵ̢ϴΒκ̢ĳсϣ
ʹ̟oǣǢϥϢʳñλѧÎɒɪɳqũpá	 ŷ¬жȁ̢ЁqwÞɧϥ̬ʩϢć
ȾwĸЗςÓ̠ćέnȼœϢ˒＋ĳƒnȗʪđǔ˪Ŏ˰̣ĮǔͣwΜîвɰ
µşΑϢΑʪŎ˰̣Įǔɒ̨Ȧ¬???????oȋβĈÕig¡đ̤юΆwГϏľΜÞ
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5	
ɧ̬ʩàϢюΆ̨ćȾo	 ҫǲƛ????̨ͣŮ̀̽͘ϦɓwǣǢϥϢʳĈōɋĸ҅
²˰̣į̔wȼœá̩ͿΨ̨и͔ŎűʢćέwΜΎϷɑɪͰƵ̢ŻҳϢϴΒ
κñϢ˛ñͣϢͨȦ¬oŮʞwɮЖҞȟȬϼǣǢϥϢʳĈōɋɖŃҗł͉΂
ςͿΨwø̕µáŎµŷͱ·Ȭʹ ER	 stress mͰƵ̢ϴΒκ RGC Ȧ¬̵̨ÛǺ
ĬÞµЗȮɰų̂̽͘wΜɤɑȌɤÖ书̨ΎϷͰƵ̢ϴΒκ̢ĳ̨į̔į
ƹoɮЖҞǈɩю上ЁЃ RRP ю上ЗȮ RGC ̨ ER	 stress ʮǌΎϷͰƵ̢ϴΒκ
̢ĳ̨·̕ɰ̐wzwϏѽʹͰƵ̢ϴΒκɑɪ̢ĳȲ¼Ɋ̨̐Ё½Ȩo	 	
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7	
2	=¸^V	
2.1	=¸%n	
SPF ͹九Ǻ Sprague	 Dawley	 tSDuŻҳwŌҵ 8 Ōwµ临 200gwРλjˍɉ
ϐÒƟҩĉ́ɧ҆Н¦×ļoҤàşĨѷŻƒƟҩĉ́wǳo	
	
2.2	·p4	
ŻҳҤà SPF ĉ́ȍwwò͢ŒàͣŻĉ́͢wʤ͢ĉ́ɂ̵Ŀwλ̗с乱
ҢʮoҤà̋Ű˜ǗÁȡş 20-23°Cw͙ ʩ＋юw̵ Ƨ˟Ǘzµ͒òɂ 55	%-70	%w
˸ɓŌɪtʏȮûz 12/12h ɗŹǰ̋oĉ́ş͢wλ̗ȵ乱ҢʮoҤɇzŻҳ
Ö¥ҝͭҤɇwĨѷŻƒƟҩĉ́wǳȲ¼o	
	
2.3		
ŻҳϴΒκ͉΂ςͿΨtRGC-5uРλjˍĜÖƮ̔́͐Ȕɧ҆×ļo	
	
2.4	
©!	
Љþŀ͓	ОĻ ̔ģƢ
ʅʚ中 jˍ҂ȝ±Љþɧ҆×ļ
ŸΞ̘丰 jˍЉþǻģ΂С×ļ
ȉ。ʦƆ主 jˍʹϐƞ̔́͐Ȕɧ҆×ļ
υɫͳʄ˒	7
(
,( ͋ƿ下ɊЉþ×ļ
¨Ͷʄ˒	7
(
,) ͋ƿ下Ɋ×ļ
HaYcA]L(

 jˍʷЉ×ļ
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8	
HIB9#tSQcBC()(,-.0)0(
u ǲś FASXU ×ļ
ʅʚ中;΀ȗĦÃŶ˒	(
*).*)8 ͋ƿ下Ɋ×ļ
wǺʊάƩ˾þ	


(-
 śϏҎŘđƒЉþɧ҆×ļ
ѽ̅˭Ʃ˾þ	<(


 JUScAa[QRb ×ļ
5[UgQ:[dAa//	(((*,*. #YVUHUSX]A[AWYUb ×ļ
HfUU])
 jˍʷЉ×ļ
H9A98 jˍʷЉ×ļ
Ϊќ (1),
 <hS[A]U
²Ͱ 8A9A <hS[A]U
Χ̀Ϣ˘ <hS[A]U
̘̾t8AGCu jˍʷЉ×ļ
77"/ Љþ̯ 8C!Y]8C
ʭđѬt7A7[)u G=;A5
ώÑƜѦD7FЉþ̯ GM6FdDaU?Yg
9gHQCHA),?[
Ēżʎ
:QbcEdQ]cFH"Yc fYcXW8BQbU Ēżʎ
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
